Engineering local angular momentum of structured light fields in real space enables unprecedented applications in many fields, in particular for the realization of unidirectional robust transport in topological photonic crystals with non-trivial Berry vortex in momentum space. Here, we show transverse angular momentum modes in silicon topological photonic crystals when considering transverse electric polarization. Excited by a chiral external source with either transverse spin or orbital angular momentum, robust light flow propagating along opposite directions was observed in several kinds of sharp-turn interfaces between two topologically-distinct silicon photonic crystals. A transverse orbital angular momentum mode with alternating-sign topological charge was found at the boundary of such two photonic crystals. In addition, we also found that unidirectional transport is robust to the working frequency even when the ring-size or location of pseudo-spin source varies in a certain range, leading to the superiority of broadband photonic device. These findings enable for making use of transverse angular momentum, a kind of degree of freedom, to achieve unidirectional robust transport in telecom region and other potential applications in integrated photonic circuits such as on-chip robust delay line.
Introduction
Structured light fields in nanoscale have attracted unprecedented attention and have brought many applicaitons, such as nanometric optical tweezer [1] , atomic manipulation [2] , quantum communication and information [3] . As structured light fields can carry angular momentum, e.g., spin angular momentum (SAM) associated with circular polarization and orbital angular momentum (OAM) derived from phase structure of light, one may explore such two important degrees of freedom to achieve unique electromagnetic behaviors and light-matter interaction between structured light fields and nanostructures. One particular example is to employ angular momentum of structured light fields to excite the valley chiral bulk state in valley photonic crystals [4, 5] . Another issue is to utilize local chirality in near fields of nanophotonic structure to realize directional photon emission [6, 7] . The discovery of such chiral light-matter interaciton brings about the research field of chiral quantum optics [8] .
Topological photonics is one of fantastic topics in recent years, with certain superiority to its predecessor in condensed matter physics, e.g., easy sample prepration and room temperature characterization. Topology degree of freedom in photonics provides a new point of view to mold robust unidirectional flow of light in various systems . However, it brings about a tricky problem in experiment such that how to construct proper pseudo-spin source in different types of photonic systems with time-reversal symmetry protection. In previous literatures, several schemes have been proposed to achieve unidirectional transport without backscattering, but they are tough and impractical in telecom region [13] [14] [15] [16] [17] . Compared with pseudo-spin, a true spin, i.e. electric circular polarization, is easier to construct in telecom region. Due to the fact that optical circularly-polarized source is naturally in terms of electric fields, the key point for the excitation of the unidirectional edge state by a true spin is to have a topological photonic crystal of transverse-electric (TE) polarization and to investigate the local chirality of structured light fields inside. Considering that electric circularly-polarized light may carry orbital angular momentum, a true spin carrying spin and orbital angular momenta will be native for achieving topological functionality on chip-size systems.
In this work, we studied transverse spin and orbital angular momenta in silicon topological photonic crystals when considering TE polarization. By plotting polarization ellipse of electric field near the boundary of topological photonic crystals, we found several circular polarization points, of which the handedness is locked to the light propagating direction. Meanwhile, we observed phase vortexes with the handedness locking to the light direction. By exciting transverse spin or orbital angular momentum mode with different chirality, robust light flow propagating along towards opposite direction was achieved in several kinds of sharp-turn interfaces between two topologically-distinct silicon photonic crystals. Specially, there was a transverse orbital angular momentum (TOAM) mode with alternating-sign topological charge in the phase distribution of y E component. Besides, we also found the unidirectional light flow is robust to the working frequency even when the ring-size or the position of pseudo-spin source are changed. By taking advantage of transverse angular momentum, the above findings enable to realize robust and unidirectional light flow in telecom region and bring potential applications in integrated photonic circuits such as on-chip robust delay line.
Topological photonic crystals
Here, we adopted the k p    method in [30] to derive the Hamiltonian of photonic crystals. Similar
Hamiltonian has been studied in TM polarization [15] , while we consider TE polarization in this paper. 
where 0 2 r r r 
where 
For 2 xy 
M Bk Ak
where
. It is interesting to see that the form of Eq. (9) is similar to the Hamiltonian of Bernevig-Hughes-Zhang model, implying a topological band gap if the band inversion occurs [31] . Similar to the Bernevig-Hughes-Zhang model, we can evaluate the spin Chern number of the topological photonic crystals as [32] 1
In Eq. (10), parameter B is typically negative [33] , thus the spin Chern number will be non-zero if the sign of parameter M is positive, namely the frequency of p states is higher than that of d states.
To achieve the non-zero spin Chern number, we have to firstly obtain the four specific eigenstates , while the radii of the center and corner rods are 1 r and 2 r , respectively.
The distance between the nearest-neighboring rods is / 3 b a  , where a is the lattice constant. When    represents RCP/LCP electric field, and 1 l   labels the spiral phase distributions of magnetic field.
Transverse angular momentum
In this section, we will demonstrate the transverse spin and orbital angular momenta of topological photonic crystals. Here, the term 'transverse' indicates the direction of angular momentum (pink arrow) is orthogonal to the propagating direction (brown arrow) [ figure 1(a) This is also consistent with the calculated phase pattern in right column of figure 1(f).
Robust unidirectional propagation by excitation of transverse angular momentum modes
Transverse spin/orbital angular momentum edge mode is crucial for the excitation of robust unidirectional propagation in topological photonic crystals. The solid and dashed circles correspond to a lateral shift of 0 and 0.1b, respectively.
Conclusion
We revealed the existence of transverse spin and orbital angular momenta in silicon topological photonic 
